Abstract. 2014 Expressions are derived for the characteristic polynomials of the Kirchhoff matrices of the graphs representing semilinear polymers. It is shown that a substantial part of the eigenvalue spectra for cyclopolymer as well as for comb-like polymer graphs can be calculated as the roots of the Chebyshev polynomials. The eigenvalue spectra of the semilinear polymer graph matrices are useful in the analysis of the configurational properties of the Gaussian models of these polymers.
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The Gaussian model has an advantage over other methods of describing configurational properties of polymer molecules in that, it provides simple, often analytical, expressions for various experimentally verifiable configuration-dependent parameters [1] . In this model, the real polymer structure is usually replaced by a system of beads that represent atoms or groups of atoms and springs standing for chemical bonds [2, 3] . Thus, a polymer molecule can be considered as a molecular graph and the analysis of configurational properties can be reduced to the analysis of embeddings of its graph in a d-space [4] . General information on the Gaussian model, including approximations involved and applications, can be found, e.g., in the review by Eichinger [5] .
Eichinger. [4] [5] [6] has shown that the distribution of the square radius of gyration for a Gaussian molecule depends solely on the eigenvalue spectrum of the Kirchhoff matrix of its molecular graph. The Kirchhoff matrix of a graph of order n, called also the graph [7] or admittance [8] matrix, is the n x n symmetric matrix with the vertex degrees appearing in the main diagonal and with (i, j)-th entry being the negative of the number of edges linking vertex i with vertex j.
Analytical expressions giving directly the eigenvalue spectra for linear (path), ring (cycle), star, and comb-like polymers, and polymer nets (regular graphs) are known [5, 9] Label in-and out-vertices of Gi with 2 i -I and 2 i, respectively, and then the remaining vertices in each Gi with the numbers 2 m + (n -2) (i -1) + 1 through to 2 m + (n -2) i, preferably along paths joining the in-and out-vertices in Gi. Then, where (2 m) x (2 m) matrix (ðin and ~out are the degrees of the in-and out-vertices, respectively), and is m x m block matrix with Z being the (n -2) x (n -2) submatrix of the Kirchhoff matrix of G obtained by deleting those two rows and columns that correspond to in-and out-vertices. C is the (n -2) x (2 m) sparse matrix.
Subtraction of x) from (2) and application of the formula for a determinant of a block matrix yields or, in virtue of (4) , where F* = F -CT[A -)J]-l C and the use of (1) (9) into (5a) yields Equation (10) can be used for direct evaluation of eigenvalues of KHm ; the task becomes relatively easy when the structure of symmetric repeat unit G is simple, and its order is not too high.
The origin of the elements in product (10) is easy to relate to the structure of the semilinear polymer graph. For exactly linear polymer, i.e., when G is of order of 1 and consists simply of in-and out-vertices fused together into a single one, the characteristic polynomial as [5] Similarly, the main chain of a semilinear polymer contributes to the characteristic polynomial with where the zero eigenvalue is hidden in the front y (there is only one zero eigenvalue in the spectrum of a connected graph Kirchhoff matrix). The argument of the Chebyshev polynomial Um_ 1~ is weighted with a combination of characteristic polynomials of Kirchhoff submatrices which correspond to the subgraphs pending from the main chain. The pending elements themselves contribute to equation (10) with a sum of characteristic polynomials of the signed minors of Kirchhoff submatrices of G obtained by (i) deleting rows and columns corresponding to inand out-vertices, and, then, (ii) deleting one row (or column) and one column (or row) corresponding to the vertices adjacent to the in-and out-vertex, respectively.
The characteristic polynomial (10) assumes particularly simple form for cyclopolymers. The cyclopolymers are the progressions of identical cycles linked by single edges.
Let the two paths linking the in-vertex with the out-one in a unit of a cyclopolymer consist of I and k vertices, respectively. The substitution [10] 2 -/t = 2 x enables all minors of Z -;J I to be expressed in terms of Chebyshev polynomials of the second kind [11] ] Thus, etc.
Two extreme cases can be distinguished among cyclopolymers with distinct in-and outvertices : the symmetric cyclopolymers with both paths linking in-and out-vertex having the same length (I = k , Fig la) , and the spanning-path (Hamiltonian-path) cyclopolymers having a path that visits all its vertices (I = 0, Fig.1 b) . For the symmetric cyclopolymers, the characteristic polynomial reads where T k+ 1 [x] = cos [(k + 1 ) arccos x] is the Chebyshev polynomial of the first kind [11 ] . [5] 
